INTRODUCTION
The distribution of the IncFI basic replicons among IncFIV plasmids was assessed by DNA hybridization. In addition these and 20 other plasmids from 16 incompatibility groups were screened for the presence of IncIV, an incompatibility determinant recently found on the IncFIV plasmid R124. The IncIV determinant was found commonly but not universally among the IncFIV plasmids. It was also detected on the IncFI reference plasmid R386 and plasmids from IncB, IncIc~ and IncI% The frequency and distribution of IncFI replicons among the IncFIV plasmids is similar to that observed in other F groups. The similarity of the IncFIV plasmids to plasmids of the other IncF groups and the failure to find replicons unique to IncFIV plasmids indicates that their division into a separate incompatibility group is not justified.
Correspondence to: I.G. Campbell, Department of Microbiology, Queen Elizabeth II Medical Centre, University of Western Australia, Nedlands, Western Australia.
The designation of the incompatibility group FIV was introduced by Hedges and Datta in 1972 [1] following the isolation of the Fi + tetracycline resistance plasmid R124 from Salmonella typhimurium. Only a few IncFIV plasmids have been reported since 1972 and a large proportion of these, including R124, show anomalous incompatibility reactions [2] [3] [4] [5] [6] . Complex incompatibility behaviour among F group plasmids has been attributed to their possession of various combinations of three basic IncFI replicons, RepFIA, RepFIB and RepFIC, in either complete or incomplete form [7] [8] [9] . Studies of R124 have demonstrated the presence of two functional replicons homologous to RepFIB and RepFIC and an incompatibility determinant, IncIV, unrelated to those previously reported for the IncFI group [10, 11] . The aim of this present study was to assess the distribution of the basic IncFI replicons among IncFIV plasmids to determine if they differed from other IncF plasmids. We were also interested in assessing the distribution of the IncIV determinant to see if it was unique to the IncFIV group.
MATERIALS AND METHODS

The IncFI V plasmid collection
The IncFIV plasmids, listed in Table 1 , comprise two groups. The IncFIV trimethoprim resistance (Tp r) plasmids are representatives from a large collection of trimethoprim resistance plasmids and have been the subject of a detailed genetic study [12] . The remaining plasmids, described as the reference IncFIV plasmids, were obtained from various laboratories world-wide.
Construction and source of DNA probes
The construction of the plasmids used as probes in DNA hybridizations have been described [11] and their properties are summarized in Table 1 . With one exception, [c~-32 P]dCTP labelled probes were prepared by using the entire pUC8-hybrid plasmid as the substrate in nick translation. The RepFIB fragment F7 could not be cloned into pUC8 and was therefore isolated from pNZ651 [13] by electroelution onto a dialysis membrane before nick translation.
RESULTS AND DISCUSSION
Distribution of replicons among the IncFIV plasmids
The Tp r and reference IncFIV plasmids were digested with EcoRI, electrophoresed on agarose gels and the fragments were transferred onto Gene Screen Plus hybridization membrane as described previously [11] . Since all but the RepFIB probe contained the vector pUC8 it was necessary to determine if any of the IncFIV plasmids exhibited homology to pUC8. Only a 19.1 kb fragment of pGC400 showed detectable homology ( Fig. 1B) and is presumably associated with the ampicillin resistance gene.
The hybridization data from Figs. 1 and 2 are summarized in Table 2 . R124 showed homology to Abbreviations used: Ap, ampicillin resistance; Cm, chloramphenicol resistance; Km, kanamycin resistance; Sm, streptomycin resistance; Sp, spectinomycin resistance; Su, sulphafurazole resistance; Tc, tetracycline resistance; Hg, mercuric ion resistance. all the probes as demonstrated in previous studies [11] . Plasmid TP129, which had an identical restriction profile to R124 (Fig. 1A) , also showed the same hybridization (Fig. 1, lanes 1-2) suggesting that it is a re-isolate of R124. The majority of the other plasmids show homology to all the probes to varying extents but RepFIC is the only one present in a complete or incomplete form in all plasmids ( Figs. 1 and 2 , panels E). Homology to IncIV was not universal among the plasmids, being absent from pGC400, Rbe9 and pHTB8 ( Fig. 1  and 2 , panels F). The reference plasmids showed the greatest diversity in possession and intensity of hybridization with the different replicons, ranging from R124/TP129 and pOH3145 which hybridized with all the probes, to Rbe9 which hybridized weakly with the RepFIC probe only. By contrast the Tp r plasmids showed homology with all the IncFI probes (Fig. 2C, D , E) and only pHTB8 did not hybridize with the IncIV probe (Fig. 2F) . Correlation of the hybridization results with incompatibility tests proved unreliable and even in the presence of a functional replicon on the IncFIV plasmid under investigation did not guarantee incompatibility with a mini-plasmid containing that replicon (results not shown). Of the four probes used only IncIV showed a consistent correlation between degree of hybridization and expression of incompatibility.
Distribution of IndV among other incompatibility groups
The distribution of the IncIV region among representatives of other incompatibility groups was assessed by DNA hybridization of the E13 fragment of R124 with EcoRI digests of the various plasmids. The plasmids tested were RA1 (IncA), R16 (IncB), F(IncFI), R386 (IncFI), Rldrdl9K1 (IncFII), R100 (IncFII), R045 (IncFII), R27 (IncH1), R144drd3 (IncIc0, R621a (IncIy), R391 (IncJ), R387 (IncK), R471a (IncL), R46.1 (IncN), RP4 (IncP), R751 (IncP), Rtsl (IncT), R753 (IncV), R388 (IncW) and Sa (IncW). Four plasmids showed homology to IncIV. A 5.98 kb EcoRI fragment of the IncFI plasmid R386 showed moderate hybridization. Bergquist et al. [9] showed that R386 hybridized with all three IncFI replicons. Considering the widespread nature of InclV among the IncFIV plasmids it is surprising that only one of the five IncFI and FII plasmids showed homology to this determinant suggesting that it may have a limited distribution among other plasmids of the F complex. Two plasmids of the IncI complex R144drd3 (Incla) and R621a (Incly) showed homology. A 5.30 kb fragment of the former showed strong homology while a 4.65 kb fragment of the latter showed only moderate homology. The IncB plasmid, R16, contained a 4.69 kb fragment which also showed moderate homology. It is interesting that homology to InclV is found in the IncI and IncB plasmids studied, although Bergquist et al. [9] have shown that the IncI plasmids R144 and R621a hybridize with RepFIA and weakly with RepFIC.
Studies of the distribution of basic IncFI replicons among a large number of IncF group plasmids have shown them to be widely distributed and multiple replicons is commonplace [7, 9, 14] . The results of this study show that IncFIV plasmids do not differ from other F group plasmids and that their incompatibility phenotype is the result of interactions of different combinations of IncFI replicons. Homology to RepFIC was found in all the IncFIV plasmids which is in accordance with the widespread nature of this replicon among all IncF plasmids, and is consistent with its proximity to the conserved F ira region [7] . The presence of InclV is common among the IncFIV plasmids but is not universal, suggesting that InclV is not a prerequisite for incompatibility with R124. However, all the plasmids showing strong hybridization with InclV were incompatible with the InclV hybrid plasmid (data not shown) indicating that this function may contribute to the overall incompatibility phenotype of the IncFIV plasraids. However, the presence of an InclV hybridizing region on IncB and IncI plasmids confirms that it is not an IncFIV-specific determinant.
Classification of a recently isolated plasmid into the IncFIV group is based on that plasmid's incompatibility with the most commonly used reference plasmid, R124 [4] . However, the incompatibility phenotype may bear no resemblance to the true familial relationship of the plasmids. For example R124 and R386 are compatible and yet on genetic grounds they are virtually indistinguishable. Both contain functional homologs of RepFIB and RepFIC and a non-functional vestige of RepFIA [9, 11, 14] and, as shown in this study, they contain the InclV determinant. Thus on the basis of molecular similarities the continued use of the incompatibility classification IncFIV is misleading.
